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a
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Gas-solid fluidized beds with their characteristic rapid particle mixing, possess
high rates of heat and mass transfer and are thus, widely used in industry.
However, since experimental measurements are intrinsically difficult to acquire in
such systems (1), numerical models considering solid-solid and solid-fluid
interactions at different scales have been applied to study the dynamics of
fluidized beds (2). In particular, the DEM-CFD model, i.e. the discrete element
method (DEM) coupled with a finite volume computational fluid dynamics solver
(CFD), is becoming increasingly popular. DEM-CFD simulations provide detailed
information of gas-solid systems, such as the trajectories of and the contact
forces between particles.
So far, most studies using the DEM-CFD have been restricted to spherical
particle systems. However, most practical systems contain non-spherical
particles. It is, however, doubtful whether conclusions drawn from spherical
particle systems can be easily extrapolated to non-spherical particle systems
(3,4). Here, we study a gas-fluidized bed comprised of non-spherical particles.
The non-spherical particles were modeled using the super-quadric equation (5),
viz. ( x a )m + ( y b )n + ( z c ) p = 1 , where a, b, c are the half lengths of the principle axes
and m, n, p are indices controlling the particle blockiness.
We first verified the DEM-CFD model by comparing the pre-fluidization pressure
gradient obtained in 3D beds containing either spheres of diameter 8 mm or
cubes of equal volume with the pressure drop calculated from the Ergun equation
(Fig. 1). Subsequently, fluidized beds containing 10000 spherical or nonspherical particles (cubes and ellipsoids) of equal volume were simulated. These
simulations were used to elaborate the differences in the fluidization dynamics
(e.g. pressure flucturation, bed expansion, etc.) of beds containing spherical and
non-spherical particles.
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Fig. 1 Pressure gradient as a function of the superficial velocity obtained in 3D
packed beds of (a) spheres and (b) cubes of equal volume. The upper and lower
errorbars for each sample point correspond to the maximum and minimum
pressure gradients over 0.1 s simulation.
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